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Stop 1.2: Lake Chelan Basin Overview  

View ‘up-lake’ of 90 km (50 mile) long, 453 m (1486 ft.) deep Lake Chelan. There are three 
basins comprising Lake Chelan separated by bedrock sills: Stehekin, Lucerne, and Wapato 
(Figure 2). The Lucerne Basin is the deepest and longest, with relief of > 3200 m (10,660 000 ft.) 
from the bedrock floor of the valley to the summit of Bonanza Peak (2900 m) on its west valley 
wall (Figure 2). The shallower Wapato Basin is in part dammed by glacial drift south of Chelan 
(Stop 1.4; Runner 1921).  

 

 

Figure 1. Location of Lake Chelan in north-central Washington. Blue arrows at top 
indicate Fisher and Rainy passes, where Cordilleran Ice Sheet entered Chelan watershed. 
Waitt (2017) noted the ice sheet was 760 m thick over Rainy Pass.  



 

 

 

Figure 2. Longitudinal profile of the bottom of Lake Chelan (top) and seismic profiling of 
sub-bottom (UW and NPS unpublished). 

 

The Lucerne and Stehekin basins are superimposed on resistant Skagit Gneiss and Tertiary 
igneous bedrock. The upper part of the valley is cut into resistant gneiss, which allows the 
canyon walls to stand near vertically along the upper lake. The deepest part of Lake Chelan 



occurs in the Lucerne Basin in The Straits near Falls Creek, where the bedrock changes from 
gneiss to erodible volcanic rocks and schist.  

The lower two basins are separated at the Narrows, an accumulation of landslide debris from 
Slide Ridge on the south shore, and bedrock on the north shore (Whetten, 1967). A massive 
landslide that was thought to have come from the hydrothermally altered rocks of Slide Ridge 
created a wave that sank the steamer Kitten near 25 Mile Creek in 1899.  

Lake Chelan is the 3rd deepest lake in North America, with a bottom 109 m (359 ft.) below sea 
level (Figure 1). Lake bed sediments are more than 150 meters thick over an undulating bedrock 
bed topography (Figure 2; Whetten 1967; UW and NPS unpublished). It appears that ice sheet 
glaciation was largely responsible for excavating Lake Chelan to its incredible depth. Geologic 
mapping near Stehekin indicates that the late Wisconsin alpine valley glacier terminus was near 
the modern lake head. One possibility is that glacial meltwater under immense pressure beneath 
the thick ice sheet caused much of the erosion of this inland fjord, as has been suggested for the 
over-deepened Okanagan Lake (Lesemann and Brennand, 2009). 

The Wapato Basin was an interlobate zone during the last ice age (Figure 3). The Okanogan 
Lobe, moving down the Columbia valley, spilled into Chelan valley and met ice flowing from 
Skagit valley southeast down the Chelan trough. The Skagit-sourced ice entered the Lake Chelan 
headwaters over Rainy and Fisher passes. Each of the lobes deposited lithologically distinct drift 
sheets in the Wapato Basin. Barker (1968) examined exposures of kame terraces and found that 
on the north shore above Manson the moraines and kame terraces were left by ice flowing down-
lake. On the south shore and south of Manson, the terraces slope north and the drift contained 
basalt gravel left by ice moving up-lake (Figure 3).  

LiDAR data reveals a terminal moraine traceable around Wapato Basin at 549-610 m elevation 
(Figure 3). Examination of the LIDAR and the Barker (1968) data suggests that Wapato Point is 
the terminal moraine of the ice moving out of the Columbia valley. This was originally suggested 
by Whetten (1967), who observed hummocky lake bed topography offshore of Wapato Point that 
he concluded was a moraine. On shore, the point is composed of a compact glacial till that has a 
silty, blue-grey matrix. The west end of the point appears truncated and is roughly parallel to ice 
flow indicators north of Manson (i.e. flow to the south-southeast). 

Large ‘haystack’ basalt erratics can be observed on the road to Manson and on Chelan Butte, 
where Runner (1921) observed a large basalt erratic at 549 m (1795 ft.) above Lakeside. The 
moraine at Navarre Coulee was likely deposited by the Skagit Lobe moving down-valley that 
incorporated basalt gravel deposited as outwash by the stalled Okanogan Lobe at Wapato Point. 
This interpretation is consistent with kame terrace clast lithology (Barker, 1968).  

 

 



 

Figure 3. Extent of the Cordilleran Ice Sheet lobes in lower Chelan valley. White line 
depicts Okanogan Lobe, and yellow the Skagit Lobe. Blue dashed lines represent large ice-
marginal drainage paths. Coulees created by ice-dispalced drainage are also common in the 
Methow valley to the east (Waitt, 2017). Stars mark locations of overlap between lobes 
based on drift mapping by Barker (1968). Numbers denote ice surface in meters. 

 



 

 

Stop 1.4 A: Baseball Field Overlook –Postglacial Lake Chelan 

Exposed in the low areas to the right and below us is stratified silt, clay, and fine sand deposited 
immediately after ice retreated out of lower Chelan valley. Similar fine-grained sediments were 
deposited along the slopes of the Columbia River valley as ice blocked tributary streams, and are 
exposed in road-cuts as high as 384 m (1260 ft.) altitude in this area (Waitt and Thorson, 1983; 
Waitt, 1987). 

As the ice receded from Wapato Basin, a lake with an elevation 30 m (100 ft.) above the modern 
lake level formed. The lake was dammed by a bedrock spur of Chelan Butte just south of here at 
an elevation of 366 m (1200 ft.). You can trace a shoreline at this elevation around much of the 
Wapato Basin (Figure 4). There are also terraces in Lake Chelan tributary alluvial fans and 
debris cones at this elevation all the way to the other end of the lake at Stehekin. 

For a short period, the lake captured fine sediment eroded from the surrounding landscape. Most 
of the city of Chelan is built on the former lake bed. Several dozen well logs indicate that these 
deposits are as thick as 20 m (70 ft.) beneath the main part of the city. The silt and fine sand beds 
at this site are rhythmically bedded (varved?), with 10-40 cm thick beds consisting of cross-
bedded very fine sand and silt capped by thin silty-clay layers (Figure 5). Ripple drift 
laminations and other sedimentary structures indicate that some beds were deposited rapidly by 
density currents.  



 

Figure 4.  Lower Chelan valley showing ice sheet margin (yellow dashed line), postglacial 
dam (red ellipse), and 366 m (1200 ft.) lake level (white dashed line). Terraces were 
deposited at the mouths of valleys all the way up Lake Chelan to Stehekin near the 366 m 
elevation. 

 



 

Figure 5. Rhythmically bedded silt and fine sand below the Lake Chelan Dam. 

 

We have yet to discover any buried wood or volcanic tephra in the section by the dam to 
determine the age of these beds. It is interesting that no Glacier Peak ‘G’ tephra deposited at 13.6 
ka has been observed since it blankets many parts of the landscape nearby. The tephra has also 
not been found at the head of Lake Chelan or in the upper Entiat valley (Porter, 1978; Riedel, 
2017). The absence of the ash in the upper Chelan valley suggests that the area was deglaciated 
after the eruption. More work is needed to determine the age of the glacial landforms in the 
valley and the silt deposit.  



An enduring mystery along Lake Chelan is the age of a large panel of pictographs on a cliff 
across from Stehekin (Figure 6). The images span a vertical range of about 9 m, the highest are 
more than 6 m above the natural (pre-dam) lake level before Chelan PUD added a dam. For 
several years I have been trying to establish a lake level history curve, thinking that it would 
indirectly determine the age of the pictographs. In 1997 I observed an ancient delta of the 
Stehekin River near the head of the lake that was exposed by a large spring flood.  The sand and 
gravel delta overlies many large logs buried in silt and clay at an elevation of about 348 m (1140 
ft.). The logs returned radiocarbon dates of 9.6 ka, and provided a second point on the lake level 
curve, above the pre-dam elevation (Figure 7).   

 

 

 

Figure 6. Stehekin pictographs. Top of dark line at bottom of image is modern lake level of 
335 m (1100 ft.) elevation.  Before the Chelan P.U.D. dam was built in 1920s, the lake level 
was 329 m (1080 ft). The highest images, not shown here, stand some 10 m above the full 
pool level.  



 

Figure 7.  Tentative Lake Chelan lake elevation history curve.  

 

Other attempts to constrain the lake level history have been unsuccessful. At Fourmile Creek a 
piece of wood taken from silt and clay beds an elevation of 343 m (1125 ft.) returned a 
radiocarbon date of 42,070 ±50 ybp, beyond the calibration range. While disappointing not to 
have fixed a new point on the curve, the age and the stratigraphy above it indicate that the upper 
end of Lake Chelan was ice-free at the global LGM about 21 ka, before the last ice sheet 
glaciation. This is consistent with data from nearby Skagit valley that showed alpine valley 
glacier cover was limited, and that the lower parts of many interior North Cascade valleys were 
ice free at the LGM (Riedel et al. 2010). The occurrence of varved lake beds as high as 30 m 
(100 ft.) above the modern lake level, beneath ice sheet till, also indicates and that the level of 
Lake Chelan before the last glaciation was higher than the level as ice retreated from Wapato 
Basin after 15 ka (Balbas et al. 2017). 

 

Stop 1.4B: Baseball Field Overlook - Glacial Drift Exposure 

Looking east, notice the tall cut-bank made by the Chelan River (Figure 8).  Exposed here are 
approximately 46 m (150 ft.) of glacial drift that presumably date to the last glaciation at ~15 ka. 
Glacial till is exposed at the base of the section, as it is along the banks of the Chelan River 
downstream of here. Also note the traces of two filled kettle holes and unconformity in the upper 



middle part of the section. The glacier must have advanced to deposit the lower till, then 
retreated to allow the kettle holes (troughs in mid-section) to be filled, only to be buried by a 
later advance.  

 

 

 

Figure 8. Stop 3. Complex sequence of glacial drift from last advance of the Okanogan 
Lobe 15,000 years ago. Dashed line above kettle holes marks unconformity. 

 

Looking toward the Columbia Valley, notice the bedrock spur descending left to right from 
Chelan Butte (Figure 4). At about 366 m (1200 ft), this landform controlled the early postglacial 
level of Lake Chelan. 

The superimposition of the Chelan River over a bedrock spur at the postglacial dam site is not 
unusual in Washington’s glaciated terrains. Other examples include the mouth of the Baker 
River, the Skagit River at the Dalles near Concrete, and Snoqualmie Falls. 
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